This study was aimed at determining the abundance and biting patterns of Culex quinquefasciatus in the coastal region of Nigeria. Collections were done by human landing catch and by CDC miniature light traps from September 2005 to August 2006. A total of 3798 C. quinquefasciatus females were collected. The highest number of females was caught in the month of August and it represented nearly a quarter (24.0%) of the total females collected. In all, 38.8% of females dissected were parous. The abundance of C. quinquefasciatus followed the pattern of rainfall with the population starting to expand at the onset of the rains. The highest increase was found after the temperature had peaked. The mean of biting was 3.2 times more in the rainy season than in the dry season, whereas the transmission potential was higher in the dry season. C. quinquefasciatus is presently regarded as a biting nuisance having no significant epidemiological importance yet. Efforts at its control should be intensified before it is too late.
Introduction
C. quinquefasciatus Say is a cosmopolitan mosquito with worldwide distribution, especially in the tropical and subtropical areas and is associated with human dwellings. The adult females lay eggs preferentially in relatively large, permanent aquatic habitats with high concentrations of decomposing organic matter, such as sewage effluents and septic tanks. However, immature stages of this species can be found in artificial containers often filled with polluted or organicrich water but rarely coexist in the same container with the dengue vector Aedes aegypti [1] .
C. quinquefasciatus, the southern house mosquito, has been relatively well studied in recent years probably because of its role in the transmission of important human diseases such as urban lymphatic filariasis, Saint Louis encephalitis virus (SLEV), and Western equine encephalitis virus [2, 3] . In the West Africa subregion, Culex mosquitoes are not filariasis vectors yet. They are potential vectors as there is minimal evidence that Culex mosquitoes contribute to the transmission of the disease [4] .
The process of rapid urbanization and unplanned growth of cities has resulted in the production of mosquito habitats enhancing the breeding of a variety of disease vectors and consequently disease transmission [5] . Using gutters, drainage channels and other sources of organically rich, stagnant water for oviposition and larval development [6, 7] , C. pipiens mosquitoes are usually abundant in urban environments. They feed on men, birds, and mammals [8, 9] . Their feeding on birds makes them the ideal vector for avian pathogens like WNV and SLEV [10] [11] [12] . Their feeding on humans and other mammals results in their serving as an important bridge vector [13] [14] [15] . The preferred biting region in humans is the foot region [16] .
In addition to its public health importance, C. quinquefasciatus causes tremendous nocturnal discomfort and allergic responses due to its nuisance biting [1] . The nuisance biting usually affects a greater proportion of the population than the proportion habouring diseases transmitted by the mosquito species. Sometimes the nuisance level could be extremely high and intolerable. This situation is compounded by the fact that the susceptibility of C. quinquefasciatus to pyrethroids such as permethrin and deltamethrin is relatively lower than those of the anophelines such as Anopheles gambiae s.l. and An. funestus s.l. [17] .
Discovering an efficient cost-effective control measures against C. quinquefasciatus and indeed other vectors and nuisance biters has remained the priority of scientists worldwide for a long time. Since the ecological plasticity of C. quinquefasciatus may be useful in the determination of a costeffective control policy [1] , the need for a comprehensive study to ascertain the biting characteristics of the mosquito species cannot be overemphasized. Furthermore, a study on the parity of the mosquitoes will provide a baseline data needed to measure effectiveness of control measures. To the best of our knowledge, no such work has yet been reported in Nigeria. This study is therefore aimed at determining the abundance and biting patterns of C. quinquefasciatus in the coastal region of Nigeria.
Materials and Methods

Collection and Examination of C. quinquefasciatus.
The adult mosquitoes were sampled during the night by CDC miniature light traps (LTs) and by human landing catches (HLCs). A four-man team of collectors did all the mosquito collection. Every week, during 12 months from September 2005 to August 2006, a total of 2 night-time HLC and 2 nights of LT collections (6 LTs each night) were carried out.
The study was conducted in Umuowa Ibu in Okigwe Local Government Area, Imo State, Nigeria. It is a homogenous community of the indigenous Ibo people, the predominant tribe in southeastern Nigeria. Their houses are arranged in familial settlement pattern as the houses are arranged in family clusters. The area is hilly with characteristic undulating plains. There are a total of seven streams and three rivers in the area, and farming is the main occupation. Other predominant occupations include fishing, trading, and artisan work.
Human landing catches at night were performed in a centrally located house in Umuowa Ibu. The catching team of four alternated pairwise between collecting and resting. Each pair of collectors were collecting for one hour and resting the following hour as the other pair was collecting. The collectors exposed their feet and legs up to the knee, and mosquitoes were collected using aspirators. Collections started outdoors at 1800 hours, continuing until 2200 hours, when the villagers normally went to bed. Indoor collections thus started at 2200 hours and continued till 0600 hours. The pairings of collectors and working hours were systematically shifted on each catching day to eliminate any possible bias that could arise from each individual's attractability and catching prowess. Hourly collections of mosquitoes were kept separately in labeled cups, which were covered with fine nylon nets held with rubber bands. After each hourly collection, the cups with mosquitoes were provided with a pad of wet cotton wool on the top and kept cool in an insulated box with cooling elements until the mosquitoes could be identified and dissected.
The light trap catches were performed simultaneously with the human landing night catches. Each trapping night C. quinquefasciatus were collected with light traps in six houses. These houses were chosen to represent all parts of the study areas as well as the three different house types observed. The light traps were used in rooms were only one occupant slept. The occupant was taught how to turn-on and turn-off the trap and also given an unimpregnated bed-net for use around the bed while sleeping. The traps were turned on at 1800 hours and turned off at 0600 hours. They were emptied and the collected mosquitoes were kept in cool boxes until identified and possibly dissected.
Dissection of C. quinquefasciatus Females in the Laboratory.
At the end of each catching week, the collected mosquitoes were brought to the base laboratory to be identified and dissected. C. quinquefasciatus were sexed and identified based on external morphology after Gillies and Coetzee [18] , Gillies and de Meillon [19] , and Edwards [20] .
All alive and identified female C. quinquefasciatus caught during the night by the human landing catch method were dissected, whereas only randomly selected samples of those caught in the light traps were dissected. The identified C. quinquefasciatus were knocked down with ether and kept in petri-dishes with moist cotton wool to prevent desiccation. After removal of legs and wings, C. quinquefasciatus females were placed on a slide in a drop of saline, and the ovaries were extracted and quickly transferred to a drop of distilled water on the slide where they are left to dry before being examined under high magnification for tracheal skeins and classified as parous or nulliparous [21] . All females C. quinquefasciatus were dissected fully whether parous or nulliparous.
Data Analysis.
For the entomological and clinical surveys, the SPSS for Windows package was used in the entering of data, and values < 0.05 were also considered statistically significant in the statistical tests. The Mantel Haenszel test, stratifying for season, was used in comparing pairs of percentage parous females between the dry (from November to March) and rainy (from April to October) seasons. Parous rate was calculated as follows:
Circadian pattern of biting and parity patterns were analyzed to verify the hours of most intense biting and most intense parous biting, respectively; chi-square test was used for the analysis.
Results
Abundance and Seasonality.
The six light traps caught a total of 5699 females out of which 929 (36.7%) were parous. The monthly relative abundance of C. quinquefasciatus by human landing catch is presented in the Table 1 . A total of 3798 C. quinquefasciatus females were collected, out of < 0.001 for both tests). The highest percentage of parous female (68.0%) was obtained in the dry month of November, while the least percentage (29.0%) was obtained in the rainy month of May.
The abundance of C. quinquefasciatus followed the pattern of rainfall, and the population started to expand at the onset of the rains. The highest increase was found after the temperature had peaked.
Circadian Biting Pattern.
The circadian biting activities of C. quinquefasciatus is presented in Table 2 . C. quinquefasciatus was as frequent outdoors as it was indoors. The outdoor collections constituted 47.9% of total collections. The peak of circadian biting was between 18.00 and 20.00 hours outdoors, but biting declined steadily to the lowest level between 03.00 and 04.00 hours before rising again.
Parous
Rates. The circadian variation in parity of C. quinquefasciatus was observed (see Table 3 ). The highest parity rate was 51.7% collected from 22.00 to 23.00 hours. Relatively higher parity rates were observed in the early part of the night, during the outdoor catches. The lowest percentage of parous females (28.4%) was caught between 05.00 and 06.00 hours in the morning. The percentage of parous females collected between the peak from 22.00 to 02.00 (46.7%) was significantly higher than the percentage For C. quinquefasciatus, more females also survived until dissected in the rainy season than in the dry season, and the difference was statistically significant ( 2 M-H = 25.56; < 0.001). The mean of biting was 3.2 times more in the rainy season than in the dry season, whereas the transmission potential was higher in the dry season (see Table 4 ).
Discussion
Abundance and Seasonality.
Previous studies in the neighbouring Igwun River Basin indicated that potential culicine mosquito vectors of W. bancrofti were abundant in the area [22] . C. quinquefasciatus was the second most abundant, making up to 38.3% of the total number of mosquitoes caught in the Lower Imo River Basin study area. There were marked seasonal variations in the mosquito abundance. All the mosquito species were more abundant during the rainy season than during the dry season. This agrees with the patterns observed by Lindsay et al. [23] and by Gajanana et al. [24] . This is understandable as the rains make more breeding sites available. The seasonality of abundance of mosquito vectors has been reported from many other endemic areas including Pondicherry in India [25] . The service [26] observed that peaks of biting by C. pipiens quinquefasciatus took place from March to May (late dry to early wet season) and in September (late wet season) in northern Nigeria. Peaks in female mosquito densities were in the rainy season and at the beginning of dry season in urban areas in Upper Volta [27] , in rural areas [28] , and in the beginning of the rainy season in Kaduna, northern Nigeria [26] . The mean densities in West Africa in the rainy season are often ten times as high as dry season densities [27] .
Factors other than climate and availability of breeding sites may affect the population density [29] . One of such factors is the ability of vectors to exploit human activities to their advantage, for example, for breeding and perpetuation of self. The breeding habit of C. quinquefasciatus is very interesting as it tends to exploit the food processing habits of the people in the Imo River Basin study areas, whose staple food is fermented cassava, Manihot utillissema. The cassava is fermented in water for days to get rid of poisonous cyanide. Fermentation by soaking is an effective processing method that reduces all cyanogenic substances to negligible levels [30] [31] [32] , thus making cassava a safe commodity for consumption [33] . This practice is more pronounced in the high altitude area than in the coastal area [34] . C. quinquefasciatus in the Imo River Basin area breed in pots of fermenting cassava, which is another example of successful exploitation of peoples' habits for self-perpetuation by the vectors. The breeding of C. quinquefasciatus in pots of fermenting cassava has also been reported in the Nsukka area of eastern Nigeria [35] . Similarly, Udonsi [22] reported on a great abundance of Culex sp. in the Igwun River Basin where this food processing method is also common. This food processing habit is an allyear-round practice and may therefore ensure an all-yearround breeding of C. quinquefasciatus. This is in line with the contention that human activity is altering the pattern of disease transmission in the tropics [36, 37] .
C. quinquefasciatus is normally known to breed in open drains, open or cracked septic tanks, flooded pit latrines and drains, especially when polluted with organic matter [1, 38] . Other breeding sites for C. quinquefasciatus in the area include natural containers of decaying Mbele fruits and broken suckaways. It also breeds in septic tanks in neighbouring Okigwe town [29] .
The temperature tended to have an inverse relationship with the relative mosquito abundance, whereas rainfall had a positive relationship with the relative abundance of C. quinquefasciatus in both parts of the Imo River Basin. In Brazil, the monthly density did not correlate with temperature and rainfall [1] .
The annual biting rate (ABR) (an estimate of the number of a particular vector coming to bite one person who is exposed to biting during all biting hours of the vector every day for one year) for C. quinquefasciatus was 13,847 bites/person/year (HLC) and 10,128 bites/person/year (LT) in the Lower Imo River Basin study area. Annual biting rates vary from place to place and sometimes from year to year. The ABR for C. quinquefasciatus in this study disagrees with the old popular belief that the biting rate of C. quinquefasciatus is a good indicator of degree of urbanization of an area. With its ability to exploit human behavior for its own perpetuation as exemplified in this study, C. quinquefasciatus is increasingly colonizing nonurban areas.
Circadian Biting
Pattern. The circadian biting of C. quinquefasciatus showed a peak between 18.00 and 20.00 hours outdoors in the Lower Imo River Basin study area. This is contrary to earlier studies which showed peak biting after midnight in West Africa [27] and East Africa where it is an established vector [39] . Our study was adapted after the routine times of the local people in that the mosquito sampling was done outdoors during the time the people usually stayed outdoors (up till 22.00 hours) and inside (22.00-06.00) when they were normally indoors. An individual in the Lower Imo River Basin study area received 52.1% of C. quinquefasciatus bites while outdoor and 47.9% while indoor.
It is known that abundance, attractiveness, and availability of the human host is influencing vector biting behavior [40] . For C. pipiens fatigans, the human density has been shown to be of primary importance.
The parous rate was higher in the dry season thereby increasing the transmission potential during that period. The parity rate in this study was lower than reported in Tanzania [41] . The rainy season is longer than the dry season in the study area. The percentage of females of C. quinquefasciatus that survived from the period of collection until dissected during the rainy season was significantly higher than during the dry season. This may be explained due to marked differences in humidity levels between the seasons. There was a preponderance of older mosquitoes during the dry season compared to the rainy season, as shown by the higher parity rates in the former than in the latter. This was contrary to the findings in Brazil where there were a higher proportion of nulliparous females during the dryer months, while gravid females were more frequent in rainy months [1] . This of course could not be due to a higher mortality during the rainy season because the higher humidity level during this season provides favorable conditions for survival as has been shown by higher survival of females kept for dissection in the rainy season than during the dry season. The explanation is a higher production of nulliparous mosquitoes during the rainy season due to the availability of more breeding sites.
The C. quinquefasciatus is a potential vector of filariasis that may have serious consequences for filariasis epidemiology in rural parts of West Africa. In the passing of time, it may become epidemiologically important not only in the transmission of urban filariasis but also in the transmission of rural filariasis in Nigeria and in West Africa as a whole. In an experiment in the laboratory in Nigeria, 76.6% of this mosquito species harboured infective L 3 larvae indicating compatibility between the local strain of the filarial parasite and this species of mosquito in this area [42] . The possible involvement of Culex species in the transmission of lymphatic filariasis in northern Nigeria was suggested much earlier, while W. bancrofti larvae have been found in C. antennatus [43] . Culexes, together with Anopheles and Aedes species, have been incriminated as vectors of bancroftian filariasis in different ecological zones of the world [44] [45] [46] [47] . C. quinquefasciatus has steadily assumed increasing importance as a vector in urban areas in the Caribbean, Latin America, China, Egypt, South Asia [42] , and in also East Africa [48] . The movement of infected people from rural West Africa in the large West African urban centers, where C. quinquefasciatus is now well established, could lead to W. bancrofti becoming increasingly well adapted to C. quinquefasciatus [43, 49, 50] . This could open a new vista of epidemiological challenges in the transmission of filariasis in the West African region.
Conclusion
C. quinquefasciatus is presently regarded as a biting nuisance having no significant epidemiological importance yet. Research indications are that it could become important in filariasis transmission in West Africa as it is currently in East Africa. Efforts at its control should be intensified before it is too late as a stitch in time saves nine.
